The disclosure of many secrets of the genetic code was facilitated by the fact that it was carried out on the basis of mathematical analysis of experimental data: the diversity of genes, their structures and genetic codes. New properties of the genetic code are presented and its most important integral characteristics are established. Two groups of such characteristics were distinguished. The first group refers to the integral characteristics for the areas of DNA, where genes are broken down in pairs and all 5 cases of overlap, allowed by the structure of DNA, were investigated. The second group of characteristics refers to the most extended areas of DNA in which there is no genetic overlap. The interrelation of the established integral characteristics in these groups is shown. As a result, a number of previously unknown effects were discovered. It was possible to establish two functions in which all the over-understood codons in mitochondrial genetic codes (human and other organizations) participate, as well as a significant difference in the integral characteristics of such codes compared to the standard code. Other properties of the structure of the genetic code following from the obtained results are also established. The obtained results allowed us to set and solve one of the new breakthrough problems-the calculation of the genetic code. The full version of the solution to this problem was published in this journal in August 2017.
Introduction
According to the results of the research started in 1992, the author developed a
Genetic Code
The history of the discovery of the genetic code is described in detail By M. Ichas [1] [2]-one of the participants of the pioneer research on this problem. He writes: "… decoding of the biological code is a revolutionary event, it may be appropriate to compare it with another event that caused a revolution in science a hundred years ago with the appearance of Darwinian 'Origin of species' [1] .
The most difficult part of the code problem was to understand that the code exists. It took almost a century. Its counting is conducted from the work of Mendel [3] , which showed that hereditary characteristics are transmitted by discrete parts, which we today call genes. This work, as we know, almost did not arouse
interest. From what we know, it seems that Mendel was, in General, indifferent to the responses to his work. Having published his main work, he considered his duty to be complete: if it did not pay attention, the worse for readers, and not for the author." ( [2] , p. 142). In 1900, three independent researchers simultaneously confirmed the results obtained by Mendel with their experiments. Only after completing the work, they learned that 34 years ago they were ahead of Mendel.
After 1900, genetics began to develop rapidly and continuously. In fact, it is a double helix, not any spiral. DNA contains only 4 letters: A, C, G, T. These are four nucleotides: adenine, cytosine, guanine, and thymine, respectively. The points between these letters in Figure 1 ter: TAA, TAG, TGA.
We point out that in addition to degeneracy (i.e., when several codons-synonyms correspond to the same amino acid), the most important property of the code is its universality: the code is the same for almost all living organisms. However, to date, a number of deviations from the standard code have been found, which is one of the most mysterious features of the code (see Table   2 ). and was decisive for reading the first whole genome) contains 5386 nucleotides [10] , but the total number of amino acid residues in the aftereffects of all proteins multiplied by 3 (taking into account the non-coding regions) exceeds this number of nucleotides. It has been shown that gene E contains a 273 nucleotide and the gene is localized within the D [8] . This is the first experimentally detected overlap shown in Figure 3 .
Currently, it is believed that overlapping genes are although unusual, but still quite common element of the genome organization. In decoded the human genome discovered multiple genetic overlap [11] have been about 1700. Accumulated extensive material on the genetic overlap has set itself the goal of a thorough and comprehensive analysis. Let us focus on some of the results obtained by us on the basis of mathematical analysis.
It can be seen that there are only 5 different cases of overlapping genes, resolved by the structure of DNA (Figure 4 ), of which the first two relate to overlaps of genes from the same DNA chain, and the remaining 3-to overlaps of genes taken from different DNA chains.
For Figure 4 , only small fragments of real interruptions are presented, and the total length of some of them reaches almost 1300 nucleotides. In addition, the total length of overlap can reach more than half of the genome size (GSHV virus).
It should be emphasized that it is the analysis of multiple relationships of co-dons in genetic overlaps that is the main tool of the conducted research.
Degeneracy of Code
One of the tasks that was set by us, refers to the fundamental problem of the genetic code: why do we need the degeneracy of the code, when for the same amino acid are usually more than one encoding, up to 6-and coding. We have investigated the participation of all of the sense codons in overlapping genes. It turned out that there are many overlapping genomes in which all 61 semantic codons must necessarily participate, and with the exclusion of at least one codon, the record of genetic overlap found in experiments seems impossible. One of these genomes is the first whole genome for the bacterium virus, PH174, containing overlaps for 814 nucleotides [10] . Our article [9] , as well as the article accompanying it, were cited at least 100 times each (see SITA-tion file 300). Figure 3 . The first genetic overlap was found experimentally [8] . The figure is presented in the format of the publication of the full text of the first whole genome for the bacteriophage ФX 174 [10] . We see that starting from position 568 and up to position 840, the coding of the new protein E was established on the site of the nucleotide sequence of another protein-protein D. 
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Irregular Code
Our next task was related to the analysis of codons that deviate the genetic code from the homogeneous structure. This is one of the most mysterious features of the genetic code. As shown by the mathematical analysis of additional codon representation from the Table 1 , or irregularity, for Ser it is AGY, for Leu it is TTX, for Arg it is AGX, allow in principle "to organize" overlaps in a number of genomes or significantly expand the range of genetic overlaps both for double (for genome FX 174 in 7 times) and for triple (for HIV-2 [12] 
in case of 3 it is 6 pairs:
PheTyr, TyrTyr, HisTyr, AsnTyr, AspTyr, CysTyr,
in case of 5, it is 5 pairs:
PheMet, PheAsn, PheLys, PheIle, PheThr.
In other words, it seems that the genetic code is under overlapping. Is that so?
The answer to this question will be given below.
So, we have established the first integral characteristic of the genetic code, which is denoted by p and which is equal to 16 for the standard code:
Common Property of All Natural Codes
The result led to a halt of new tasks. What is the value of p for non-standard (deviant) codes, the number of which is 14 and continues to grow? Note that the first non-standard code was discovered in 1979 in a human cell in a separate organelle-in mitochon-drii: genes of mitochondrial DNA-mtDNA were recorded by such code [13] . Only 4 codons were reinterpreted. Calculations have shown that the value of p for all 14 deviant codes does not exceed the value of 22 or about 5% of the total number of amino acid pairs [14] , see Table 2 . At the same time over-pretime were all the same three cases of overlapping, like for the standard code and in addition was discovered a code with a zero value of the value p.
Thus all the natural genetic codes have a small number of prohibitions on the construction of a genetic overlap. This may be seen as a common property of all natural codes known to date. The question arises: why do natural codes correspond to this, while the number of records of genes with overlaps is immeasurably less than the usual non-overlapping genes and what is the role of rethought codons? Both issues were resolved.
One Mathematical Analogy
In solving the first of these issues, an important mathematical analogy was estab- Thus, it is established that the small value performs two functions: it allows to build both a phenomenal set of genetic transformations and a phenomenal variety of secondary structures of matrix RNAS for all genes.
About the Role Rethought Codons
Let us now consider the role of the reinterpreted codons. We raised the question of the possible relationship between the limitations on the overlap (2)-(4) and the code variability observed in a number of organizations. The analysis showed that such a relationship exists, and it is expressed in the fact that for a number of deviant codes (examples for some of them found in mitochondrial DNA are shown in Figure 6 ), at-home rethinking codons lead to the possibility of constructing GE-neticesi ceilings no standard code.
In each of the four pieces of overlap shown in Figure 3 the role of the same permutation is shown: TGA(ter) Trp. This natural permutation is observed for Figure 6 . Fragments of genetic overlaps found in the mitochondria of four organisms whose genes are recorded by codes deviated from the standard code. This is the ceiling in one of the DNA chain. 
Two Integral Characteristics of the Code
We are talking about the natural blocking of the genes when all 5 codons of sequences, alternative sequences of a gene whether the reading frames-RS contain multiple stopping protein synthesis, or codons from the set (1). For Figure   7 is shown for a portion of a gene and early simplified Figure 2 .
The potential of such blocking for a standard genetic code was established: it was shown that for such code only 210 amino acid pairs out of 400 possible ones participate in the blocking process. It is shown that the 31 pairs of them gives the inevitable blocking that take place in all the encodings of the amino acids contained in these pairs. The second integral characteristic of the genetic code [20] containing two components was introduced into consideration:
min max : 31, 210= = (6) With this in mind, in addition to the unavoidable, the possible locks that arise for a limited number of encodings were introduced; these locks are the main component of 210 locks, which also include 31 inevitable locks (see Figure 8 and Table 3 ). (1) are shaded. Arrows indicate reading direction. The full list of inevitable locks is presented in Table 3 . occur. The number of such RF, depending on the pair, varies from 1 to 4. Let's imagine the set of these pairs as two subsets. The first will include the pair, inevitably blocking the same RF. There were only 16 such pairs-these are the first 16 pairs from the Table 3 . The ima eat block inevitably RF2 5 pairs of amino acids, which coincide with the set of (2) defined above; since RF2 is formed in a ter codon is TGA. For RF3 we have 6 blocking pairs matching the set (3), and in RF3 we form one of the codons ter: TAA or TAG. Of particular note is the lock for 5 pairs of numbers 12 -16, which coincide with pairs of (4) defined above.
Only note that each of these latter pairs will inevitably inhibits RF5, as RF5
formed one of the kodon ter: TAA or TGA .However, in PheAsn, PheLys pairs in addition to RF5 in Table 3 is also indicated by RF1. However, the latter RF does not correspond to the inevitable blocking, unlike RS5. Thus, pairs 1 -16 of Table 3 form a set of amino acid pairs forbidden to overlap the two genes and have been established above. Previously, a numerical characteristic was introduced, which was indicated by the letter p, and which corresponds to the number of different blocking pairs from (2)- (4), we have a value of p from (5.) Thus, the utilization of a subset of the inevitable blokirouac allows the connection of the studied characteristics: the inequality:
In other words, the integral characteristic of the genetic code p is not independent, but is determined by the choice of the characteristic q min , which is used in solving a completely different problem-in blocking non-overlapping genes.
When considering only one problem-overlapping pairs of genes, it could be concluded that the genetic code was "chosen" for overlapping genes, since only 16 pairs out of 400 possible pairs are suitable for overlapping. This is true for all of them, the figures are similar to rice.8 do not contain any codon of termination in any of the five alternative RS. It MT1M and MT1G genes from chromosome 16 and KLK8 of chromosome 19 (see Figure 9 ).
In connection with the obtained result, a number of hypotheses were put forward, from which the simplest is nothing more than cases of overlap of 6 genes.
Mathematical Analysis of Code Deviance
The task of studying locks for deviant codes allowed to complete the analysis of one of the most important fundamental problems related to the role of all the reinterpreted codons. Data were obtained for mtDNA of two organisms: H. Sapiens (code K1) and A. Mellifera (code K2). Refer to the Table 4 . Figure 7 . Here, the standard one-letter coding is used for amino acids. Table 4 . Summary table of the participation of reassignment codons in two functions: in the lock (in column 1, the sign + corresponds to participation, the sign-to-non-participation), or in the genetic overlap (column 2). Data were obtained for mtDNA of two organisms: H. Sapiens (code K1) and A. Mellifera (code K2). Rethinking codons are indicated in the column: deviations from the standard code. 
Is the Code Arbitrary?
The obtained results lead to the conclusion that the code deviations from the standard one are not of a random nature, but bear a very clear functional load (cf. "codon Reinterpretation indicates that random changes can occur in the genetic code of mitochondria", see [22] ). In the last monograph we also read "the code seem to have been selected arbitrarily…" ("the Code, apparently, was 'you-bran' arbitrarily…"). From these results, it follows that it is possible for all semantic codon families to record two protein sequences almost without interference with the same DNA region, and for this, the most favorable (by the combination of amino acids in the overlap) one of the 5-and the variants of such a compact record of genes (5 cases of overlap) can be used. There is a categorical prohibition for no more than 5% of amino acid pairs, both for the standard code and for all 14 known non-standard codes. I mean… 15 code tables satisfy the same General property. This leaves no chance for any arbitrariness.
The Sets of Elementary Overlapping
The main working sets in this theory are the sets of elemental genetic overlaps, to different DNA chains. The complex numbers, the elementary beams was relatively small-only 6. The study revealed three functions of the possible use of these ambiguities. These functions were three [24] . One of the functions of ambiguity that is-has been succeeded in the new model proposed by the author of the wound. It consists in the fact that the overlapping pairs of genes belonging to different DNA chains are mathematical analogues of the stems of the secondary structure of matrix RNA. It is shown that due to the ambiguity it is possible to "regulate" the value of free energy of the stem functionally significant biochemical characteristics [25] . Now about other two functions, it is clear [24] . 
Conclusions
On the basis of the constructed theory, one of the breakthrough problems-the problem of calculating the genetic code-was solved. Such tasks in the world are unknown and could be set only in the 21st century. One of the approaches to solving this problem is given in article [27] . The mathematical theory of the genetic code is constantly evolving. We would like to point out the last two works in this direction. Mathematical analysis of large genomes is an actual problem in connection with the development of genome decoding methods. By now, the genomes of man and some other organisms have already been decoded. The paper presents a numerical analysis of some characteristics of the genetic code common to all these genomes. The obtained results allow us to formulate a new property of the genetic code for the overlap of 6 and 3 genes from one DNA chain: the choice of three terms-toric codons from 64 possible triples of the genetic code has virtually no effect on the power of nucleotide chain sets, allowing six-fold or three-fold overlap of genes [28] .
The second article [29] is connected with the mathematical analysis, which allowed formulating the property of the three terminator codons of the standard genetic code, when compared with other theoretically possible triples. The mathematical analysis allows formulating the following property of the three terminator codons of the standard genetic code (these codons stop white synthesis with DNA and do not encode any amino acid) when compared with other theoretically possible triples. For any choice of three terminator codons, one can find a DNA chain with a length of 11 nucleotides, where translation is completely forbidden. For the three term-end codons of the standard genetic code on any DNA chain of length 10 or less nucleotides, at least one reading frame is open, i.e. the translation process for at least one of the three reading frames is possible. This length is the maximum possible and when you select another three terminator codons, it may be less. For a triplet of terminator codons of a standard genetic code on any DNA strand of length 10 or less nucleotides, at least one reading frame is open, i.e. a translation process is possible for at least one of the three reading frames. This length is the maximum possible and may be less when choosing another triple of terminator codons. The number of terminator triples with such properties is 2280, and the probability of falling into this group of randomly selected triples of terminator codes is less than 0.06.
